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Forward: 


The  continuing  drive  to  satisfy  the  demand  for  high  performance  materials  focuses 
on  innovative  approaches  to  produce  new  materials  with  the  desired  properties,  or  to 
improve  existing  materilas  through  creative  processing  by  compositional  or  microstructural 
modifications.  Among  these  approaches  is  the  use  of  self-propagating  high-temperature 
combustion  to  synthesize  and  process  new  materials,  including  monolithic  and  composite 
materials.  The  more  recent  use  of  an  electric  field  to  activate  such  a  synthesis  method  was 
aimed  at  influencing  the  mechanism  of  synthesis  (and  hence  the  nature  of  the  products)  and 
at  influencing  the  microstructural  development  of  the  product.  Significant  success  has  been 
achieved  in  both  of  these  directions  over  the  past  three  years,  with  encouraging  results  on 
high  temperature  and  hard  materials  of  special  interest  to  ARO. 

Statement  of  the  Problem  Studied: 

The  broad  aim  of  the  research  undertaken  was  to  investigate  the  role  of  an  electric 
field  in  the  synthesis  of  materials  by  the  self-propagating  combustion  method.  The  specific 
objectives  were  to  (a)  provide  an  understanding  of  the  role  of  electromagnetic  fields  in  the 
synthesis  and  processing  of  materials,  (b)  utilize  the  field  to  synthesize  new  materials,  (c) 
to  simultaneously  synthesize  and  densify  materials,  (d)  synthesize  by  SHS  from  dense 
reactants,  and  (e)  investigate  the  influence  of  the  applied  field  on  microstructural 
development  during  synthesis.  The  ultimate  goal  is  to  use  the  field  as  a  processing 
parameter  in  the  synthesis  of  materials. 

Summary  of  the  Most  Important  Results: 

A.  Synthesis  of  Nitride  Composites  and  Solid  Solutions 

The  proposed  use  of  AlN-SiC  composites  in  high  performance  spark  plugs  motivated  the 
investigation  of  synthesizing  by  field  activated  SHS  from  Si3N,,,  C,  and  Al.  Through  field 
application  it  was  possible  to  form  composites  and  solid  solutions.  The  compositions  of 
the  phases  in  the  composites  were  directly  dependent  on  the  value  of  the  applied  field,  and 
the  uniformity  of  the  elemental  distribution  in  the  solid  solutions  could  be  directly 
influenced  by  the  field.  The  significance  of  field  activation  can  be  seen  by  realizing  that 
solid  solutions  made  by  conventional  methods  involve  tthe  heating  of  AIN  and  SiC  at  high 

temperatures  (~  2100°C)  for  long  periods  of  time  (up  to  16  hrs).  With  field-activated 
SHS,  the  solid  solutions  can  be  made  in  seconds.  Details  of  these  accomplishments  are 
given  in  items  1  and  2  in  the  list  of  publications,  below. 

B.  Simultaneous  Synthesis  and  Densification 

In  order  to  maximize  the  benefits  of  the  field  activation  method,  a  new  modification  was 
utilized  to  effect  the  simultaneous  synthesis  and  densification  of  materials.  Our  effort  in  this 
area  of  investigation  has  been  equipment-limited.  The  recently  awarded  DURIP  proposal 
will  alleviate  this  problem  and  will  make  possible  the  simultaneous  synthesis  and 
densification  using  a  modified  field-activated  combustion  synthesis.  The  US  Patent  Office 
has  recently  approved  a  patent  disclosure  on  our  method  and  the  patent  is  expected  to  be 
issued  by  the  end  of  summer.  With  the  DURIP  award,  an  order  has  been  placed  for  a 
"spark-plasma  synthesis”  machine.  It  is  anticipated  that  this  equipment  will  be  in  operation 
by  early  fall.  In  the  meantime,  we  have  put  together  a  temporary  apparatus  to  investigate 
this  method  of  synthesis  and  densification.  The  few  preliminary  results  we  have  obtained 
with  this  apparatus  have  been  encouraging.  They  include  (a)  the  synthesis  from  the 
elements  of  99%  dense  MoSi2,  (b)  the  synthesis  of  MoSi2-WSi2  solid  solutions  from 


elemental  reactants,  and  (c)  the  synthesis  of  materials  in  the  ternary  Mo-Si-Al.  We  have 

succeeded  in  synthesizing  single  phase  (C40)  MoSi2.xAlx,  with  0.4  <  x  <  1.0  using  field- 
activated  SHS  and  the  modified  method  mentioned  above.  In  the  latter,  we  have 
synthesized  the  C40  phase  with  densities  as  high  as  99.3%.  The  ultimate  goal  of  this 
phase  of  our  research  is  to  synthesize  and  characterize  dense  hard  materials  of  interest  to 
ARO. 


C.  The  Synthesis  and  Densification  of  a  New  Class  of  Ternary  Materials: 

An  important  focus  of  the  research  to  be  carried  out  under  the  renewal  of  the  current 
proposal  is  the  synthesis  of  ternary  materials  such  as  Ti3SiC2  and  H-phases  (e.g.,  Ti2AlC). 
The  Ti-Si-C  ternary  has  attractive  properties,  which  combine  those  of  a  refractory  ceramic 
with  a  metallic-like  toughness.  Our  preliminary  work,  using  an  interim  apparatus  shows 
that  we  can  synthesize  this  ternary  with  a  grain  size  smaller  than  in  any  of  the  previously 
reported  investigations.  The  smaller  grain  size  is  a  consequence  of  the  lower  temperature 
and  shorter  reaction  time  in  our  modified  field-activated  combustion  synthesis.  Preliminary 
characterization  of  this  material  through  mechanical,  chemical,  and  physical  evaluations 
have  been  recently  made.  However,  major  emphasis  on  this  phase  of  our  research  will  be 
made  after  the  installation  of  the  equipment  ordered  with  the  DURIP  grant. 

D.  Initiation  of  SHS  Waves  in  Dense  Powder  Reactants: 

This  phase  of  our  work  was  part  of  a  collaborative  effort  with  Professor  Thadhani 
at  Georgia  Tech  using  the  synthesis  of  molybdenum  silicide  as  a  model  system.  The 
general  aim  of  this  work  is  to  reduce  the  final  porosity  of  SHS  products  by  using  dense 
powder  reactants.  The  work  has  been  recently  comleted  and  a  paper  has  been  submitted 
recently  (see  item  #14)  in  the  publication  list).  As  indicated  in  the  interim  progress  report. 

Mo  +  2Si  reactants  with  relative  densities  of  >  78%  cannot  be  ignited  by  the  usual  SHS 
method.  But  under  the  influence  of  an  electric  field,  SHS  waves  can  be  initiated  in 
powders  with  relative  densities  as  high  as  95%.  The  measured  dependence  of  the  wave 
velocity  on  relative  density  is  consistent  with  other  observations,  and  in  this  case  is 
explained  in  terms  of  the  role  of  a  liquid  phase  in  the  synthesis  of  this  silicide,  as  discussed 
in  more  detail  in  the  submitted  paper. 

E.  Effect  of  Field  on  Microstructural  Developments  in  SHS  Synthesis: 

The  imposition  of  a  field  increases  the  temperature  and  velocity  of  the  combustion 
wave.  These  observations  give  rise  to  expectation  of  a  steeper  temperature  gradient  on  the 
receding  end  of  the  wave,  and  hence  to  the  minimization  of  grain  growth  during  SHS 
synthesis.  Preliminary  investigations  were  made  on  the  effect  of  a  field  on  the  grain  size  of 
MoSi2.  The  results  show  a  decrease  in  the  grain  size  with  increasing  field  strength  up  to  a 
field  value  corresponding  to  a  combustion  temperature  equivalent  to  the  melting  point  of  the 
product.  These  results  have  been  described  in  a  paper  given  at  a  TMS  symposium  whose 
proceedings  are  in  press  (see  item  #9  in  the  publication  list). 
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